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The NOAA ship Miller Freeman, a 215 foot stern trawler, returned to Dutch 

Harbor August 20, 1984, after completing a three week survey of the eastern 

Bering Sea shelf and continental slop between Unimak Pass and 62O N. Latitude. 

3 
July 30 Departed Dutch Harbor and comenced 

survey ; 

July 30-August 13 Conducted systematic survey of shelf and 
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continental slope of Eastern Bering Sea 

between Unin?ak Pass and 62%; 

August 13-August 20 Conducted additional trans- and t r a w l  

sampling t o  further delineate aggregations 
! 

of age 0 pollock observed d*ing the 

systematic survey; transit t o  Dutch Harbor. 

The primary objective of this survey w a s  t o  collect echo sounder (color 

scope) records and midwater t r a w l  data necessary t o  determine the distribution, 

relat ive abundance, and biological composition of the off-bottom compnent of the 

age 0 pollock population in  the eastern Bering Sea. The cruise was part of a 

continuing effor t  t o  study the recruitment patterns of age 0 pollock in  the 

eastern Bering Sea. 

A secondary objective w a s  t o  investigate the re l iabi l i ty  of two different 

methods for determining the distribution of age 0 pollock concentrations. The 

f i r s t  involved estimating relative densities from the color echosounder output. 

The other used catch per unit  effort  (CHJE) obtained from selected t r a w l  hauls. 

Relative density estimates derived from the color sounder and CPUE values 

should be directly proportional i f  the following assumptions hold. F i r s t ,  the 

echo sign is correctly interpreted t o  be due t o  age 0 pollock. Second, the trawl 

is accurately fished so it passes through the indicted concentrations of age 0 

pollock. Also, net performance and f ish reaction t o  the net remain consistent. 
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Any departure from these assumptions make comparisons between the two 

distribution pattern less reliable. 

Acoustic data were collected using a 38kHz echo +under interfaced t o  a 

color scope display. Each of the ei@t colors i n  the display represented a 

different range of echo densities. 

T r a w l  sampling for age 0 f ish  was done using a Marinovich midwater t r a w l  

(Fig. 1) with 5x7 foot s teel  V-doors. The t r a w l  mouth is square with headrope, 

footrope, and breastline lengths of 30 feet. Stretched mesh sizes range from 3 

inches forward t o  1 1/8 inches i n  the  cod end. The f inal  third of the cod end 

was lined w i t h  a 3/8 inch h ~ o t l e s s  nylon net during all t r a w l  hauls 

(Configuration 1, Fig. 1). From August 5 t o  10, a 1/8 inch lmotless nylon net was 

placed around the outside of the cod end and attached t o  the intermediate, just  

forward of the  cod end (Configuration 2 ,  Fig. 1). O n  August 10, the  1/8 inch mesh 

was destroyed and the net was again fished for a short t i m e  using Configuration 

1. On August 14, a 1/8 inch mesh Imotless net w a s  attached between the 3/8 inch 

inner l iner  and the  ccd end proper. It covered the final  third of the cod end, 

similar t o  the 3/8 inch mesh netting (Configuration 3 Fig. 1) . This f inal  

arrangement was in place during all Marinovich tows for  the remainder of the 

survey. 

A large midwater t r a w l  (Diamond 1000) w a s  also fished a t  selected 

locations. This was done t o  ei ther identify echo sign from other than age 0 f ish  

or  t o  find potential sites for  a pollock cannibalism study scheduled t o  begin 

August 24, 1984. The Diamond 1000 t r a w l  is a square midwater trawl w i t h  headrope, 
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footrope, and breastline lengths of 177 feet. Stretched mesh sizes range from 32 

inches forward t o  3 1/2 inches i n  the ccd end. A 1 1/4 inch mesh liner was 

instal led in the cod end. The Diamond was fished w i t h  5x7 foot steel doors and 

30 fathom dandy lines. 

Both nets w e r e  positioned us- a cable w i r e  net  sounder system. The 

average vert ical  mouth opni rqs  of the Marinovich and dgmnd  t r a w l s  w e r e  2-3 

fathoms and 9-10 fathoms respectively. 

Acoustic analysis 

The systematic survey was conducted 24 hours per day along a trackline 

pattern consisting of 10 parallel transects. Spat- between transects was 

approximately 60 m. The entire systemtic survey was carried out between the 15 

and 250 fathom isobaths (Fig. 2 ) .  Trawl hauls w e r e  made a t  approximately 60 m 

intervals along the  transects. Additional acoustic and t r a w l  sampling was 

conducted i n  areas where the  abundance of the age 0 pollock was high. 

The different densities of detected targets w e r e  indicated by eight separate 

colors on the color scope. The voltage range of each color was determined during 

pre-cruise equipment tes t ing and a mean voltage, _Vi, calculated for  each color. 

All mean voltages w e r e  then normalized t o  the  f i r s t  voltage by Vi=_ViD1, where 

yi  was the mean voltage of the ith color (Table 1). During the cruise, the color 

scope was periodically re-calibrated t o  ensure that the voltage ranges for  each 

color remained constant. 

Estimations of the proportion of each color from the color scope display 
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w e r e  made a t  hourly intervals. The required t i m e  varied gain (TVG) setting 

necessary for density estimates, 201ogRt2Z R, w a s  approximated as closely as 

possible w i t h  the controls available on the echo sounder. since the square of the  

voltage of a received echo signal is proportional t o  target density, it w a s  

necessary for the normalized voltage, V i ,  t o  be squared before relative densities 

could be calculated. / 

Relative density estimates of the echo sign w e r e  made from the hourly 

readings as follows: 

8~ P i  (V i )  * R , where 

d = i=l 100 1000 

R = depth extent of echo sign in m e t e r s ,  

V i  = mean voltage of color i, normalized t o  V1, and 

P i  = estimated proportion of color i in depth range R. 

CKJE analysis 

Rslative density estimates, d, derived from the color sounder output near 

trawl locations w e r e  compared w i t h  the CWE values from the hauls. The primary 

purpose of the comparison was t o  determine the degree t o  w h i c h  the relative 

density estimates from the color scope were indicative of age 0 pollock 

abundance. Since the color echo sounder was being used with the net sonde during 

trawling, estimations of percent of echo sign a t  each color level (and subsequent 

relative density determinations) could not be made a t  the exact haul position. 

The relative density index of age 0 pollock for a t r a w l  haul was calculated by 

using the estimated percentages from the color sounder readings obtained closest 
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t o  the trawl location. I f  the echcgram made nearest t o  the trawl position and 

the one obtained during the t r a w l  haul appeared similar, the resulting relative 

density estimate was assumed t o  be representative of the trawl haul. I f  there was 

not enough similarity, no relative density w a s  designated for that  haul. This 

procedure eliminated 16 of the 50 Marinovich trawls fmm M e r  analysis. 
1 

For each trawl haul that  was acceptable, two estqtes of CFUE of age 0 

pollock w e r e  calculated: 1) -, based on the numbers of age 0 pollock caught 

and 2) CFUEb, an estimation of the bimass of age 0 pollock. 

was calculated as follows: 

where N is the number of age 0 pollock caught, D is the distance trawled in 

m e t e r s ,  P is the assumed width of the mouth opening of the trawl (6.1 m ) ,  H is 

the assumed height of the mouth opening of the trawl (6.1 m ) ,  and R is the depth 

extent of the echo sign, i n  meters. The % value represents the estimated 

number of age 0 pollock per m2 of surface area. 

CWEb w a s  obtained using: 

W is the weight of age 0 pollock captured in pounds. CWEb is an estimation of 

the pounds of age 0 pollock per m2 of &ace area. 



The Miller Freeman covered a total trackline distance of 4,514 m. on 26 

different transect lines (Fig. 2) and completed 65 midwater trawl hauls (Figs. 3 

and 4). A list of species caught is provided in Table 2. Catch data by haul and 
\ 

net type are summarized in Tables 3 and 4. Hauls 1-39 $nd the first ten 

transects were carried out during the systanatic portion of the survey. Hauls 

40-65 and trans- 11-26, completed durirq the latter portion of the cruise, 

were dedicated to further delineation of the distribution of age 0 pollock. The 

CPUE, for all Marinovich hauls containing age 0 pollock are listed in Table 5. A 

total of 48 CTD (conductivity, tenprature and depth) casts and 22 XBT 

(expendable bathythermcgraph) casts were made. 
* 

There was an increase in the range of CFUE, values as the relative density, 

d,increased (Fig. 5). A linear regression run on this data resulted in a 

correlation coefficient of .64. Possible reasons for the increased variation with 

increasing values are: 1) variation of the percentages assigned to each color 

among the various observers, 2) poor net performance, w h i c h  would account for low 

in an-area of high relative density, 3) the net passing through the denser 

patches of fish though the average relative density estimate was low , or 4) 

fewer but larger fish in the echo sign. When CPUEb values were plotted against 

relative density (Fig. 6), the correlation coefficient increased to 0.80. This 

would imply that aggregations of age 0 pollock with the same biomass would return 

the same amount of energy though their absolute numbers may be different. 

Since many hauls contained a significant proportion of jellyfish, a 

comparison of relative density with total CFUEb for all organisms in the catch 

was made (Fig. 7). This was done to find out if the presence of jellyfish may 
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have effected the relative density estimates. The resulting-regression from this 

data yielded a correlation coefficient of .15. However, when the weight of the 

jellyfish was removed from the to ta l  weight of each catch, the new linear 

regression showed a correlation coefficient of .78. This is reasonable since the 

echo return per unit weight from jellyfish is d l .  A 

t 

Contour plots of age 0 pollock distribution were y d e  using the % (Fig. 

8) and relative density data (Fig. 9 ) .  There w a s  little agreement between the two 

distributions w i t h i n  the area bounded by 159O W and 169O W. The echo sign in this 

area may have been due t o  organisms other than age 0 pollock which w e r e  not 

effectively sampled by the Marinovich t r a w l .  For example, color scope 

observations made in  the vicinity of hauls 1 and 2 (Fig. 3) indicated dense 

patches of sign. The trawl hauls contained a low numkr of age 0 pollock but some 

adult pollock w e r e  caught. The presence of these adult pollock may have 

accounted for a significant portion of the echo sign. 

The inverse also occurred. A higher CHJE;, was obtained in areas of lower 

relative density. An sample of this can be seen in the patch centered around 58O 

N and 1 6 6 O  W. (Fig. 8) .  A s  previously stated, this may have been due t o  the trawl 

net passing .through the denser concentrations of f ish in an area of low average 

density. 

However, both maps showed two dense concentrations of age 0 pollock. One was 

w e l l  inside Bristol Bay, east of 160° W, the other northwest of the Pribilof 

Islands. Both of these concentrations w e r e  in areas where the recorded gear 

temperatures w e r e  greater than 4 OC (Figure 10) .  Lower densities of f ish w e r e  

consisteqtly encountered when the gear temperature was below 4 OC. 

Since three different cod end configurations w e r e  used, f ish catchability was 

not constant. Conseqently, estimations of the absolute abundance of age 0 
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pollock should be considered conservative. TWO estimates of the n m h r  of age 0 

pollock in the sunrey area w e r e  made using CRJE data from the 50 Marinovich tows. 

As- 100% t r a w l  efficiency and tha t  the entire f i sh  layer was w i t h i n  the 

vertical path of the t r a w l ,  the unadjusted average areal density (CRJEm) is: 
' : 
i 

CFUE 
un (i) 

= nmber/hectare of age 0 pollock in haul i, unadjusted for depth of 

sign. Total survey area was approxhately 80,000 rnn2 (27,439,232 Ha.) resulting 

in a population estimate of 162 bil l ion age 0 pollock. 

However, assuming that  the age 0 pollock were distributed throughout the 

water column, the above determination would be fa i r ly  conservative. A second 

estimate was made using the previously calculated CRTE, values (N*R/D*PH). This 

accounted for  the variations in depth extent of age 0 pollock aggregations during 

the survey. The estimated % was 31,532,555/Haf resulting in a to ta l  age 0 

population of 864 billion. 

Average length of age 0 pollock determined from all Marinovich trawl hauls 

was 45.6 mm. 
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Table 1.--Normalized average voltage and equivalent relative density value for 
each color on the echo sounder. 

Normalized ~ q ~ i v a l e n t l /  
Color Averaqe Voltaae (Vi); , R e l .  Density 

\ 

1/ Theoretically, density is proportional t o  the output voltage of an echosounder 
squared. (Burczynski, 1982) 



Table 2.-List of species caught in trawl hauls during Miller Freeman 
Cruise 84-4. 

Common Name 

Walleye pollock 
Pacific cod 

Scientific Name 

Theram chalcosramma x x 
Gadus macrocephalus x x 

Salmonidae Sockeye salmon Oncorhynchus nerka x 
\ 

Cottidae Bignouth sculph Hemitri~terus bolini x 
Sculph (unident.) x 

Cyclopteridae 

Zoarcidae 

Osmeridae 

Clupeidae 

Anuncdytidae 

Trichcdontidae 

Agonidae 

Cephalopoda 

Decapoda : 

Scyphozca 

Euphausiacea 

Isopoda 

copepoda 

~wenile (unident. ) x x 
Yellowfin sole Limanda aspera X X 
Flathead sole Hi~po9lossoides elasscdon x 

Snailf ish ( j w  . ) 
Eelpout (unident. ) 

Mallotus villosus 

Pacific herring Cluwa harenw wllasi x 

Pacific sand lance (jw. ) Anuncdvtes hexapterus x 

Pacific sandfish Trichcdon trichcdon x x 

Ebacher (unident . ) x 

Squid (jw., unident.) x x 

Shrimp (unident.) 
Crab larvae (unident. ) 

Jellyfish (unident.) x x 

Euphausid 

Amphipoda Amphipoas (unident.) 

Crustacea Crab larvae 

Calanus cristatus 
Calanus sp. 

1/ Marinovich trawl 

2/ Diamond trawl 



Table 3.--Marinovich trawl haul s tat ions and catch data, Miller Freeman Ckuise 84-4. 

Time 
Date Start Pos. of day 

Haul (1984) Lat(N I ; o n q ( W )  (GMlY-9) 

Temp ('c) IXua- 
kpth (fm) Surface/ t ion  

Gear/bottom gear I hr) 

D i s t  . 
fished 
L 

Catch (lbsl )Jet 
Pollock Cod Pollock Jelly- Other Conf. 

JAqe 0) (Age 0) (>aqe 0) f i sh  species 'l'ype 
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Table 3 .  (cant.)--Marinovich trawl haul s ta t ions  and catch data, M i l l e r  Freeman Cruise 84-4. 

~ i m e  Temp (OC) m a -  D i s t .  Catch (lbs) Net 
Date S t a r t  Pos. of day kpth (fm) Surface/ t ion  fished Pollock Cod Pollock Jel ly-  Other mnf. 

Haul (1984) L a t ( N  I ~ n c y ( W )  (GMPt9) Gearbottom qear (hr) (nm) (Aqe 0) (Aqe  0) (>aqe 0) f i sh  species 'I'ype 



Table 4.--Diamond trawl haul stations and catch data, Miller Freeman Cruise 84-4. 

Time 
Date Star t  Pos. of day 

Haul (19841 Iht(N) bm(W) fGMN9) 

T q  (OC) IXua- Dist. Catch tlbs) 
Surface/ tion fished Pollock Cod Pollock Jelly- Other 

qear (hr) (nm) (Aqe 0) (Aqe 0) (>Aqe 0) fish species 



Table 5. values from Nxinovich catches for  MF844 age 0 pol lock suwe Hauls 1-39 
of the st-tic survey. Hauls 40-65 were carried cut  & further 

delineate a e 0 ?loc& d k l x i b y t l o ~  in areas of high abundance. Hauls 40-43 
are not dud%om tlus anal is since they w- targeted on echo sign fmm 
pollock > age 0 and captured age 0 pollock. 

H a u l  # # u  
1/811 liner - 

1/ H a u l s  1-20 and 38-39 w e r e  made us  onf figuration 1 ( ~ i g .  1) ; hauls 21-37 
used Configuration 2 ard 94-61 a (pnfiguratio~ 3. 

2/ Average of hauls 1-34 carrled out durmg systematic portion of .survey: 
3/ Average of hauls 44-61 carried out during non-systexratlc sampling period 



Fig. 1. --Diagram of Marinovich midwater t r a w l  used 
for sampling age 0 fish. 

Fig. 2.--Transect pattern for 1984 age 0 pollock sunrey. 
Solid lines are the systematic design. The dashed 
l ines are additional transects ccmpleted t o  survey 
areas where high aburdances were observed during the 
systematic survey. 

Fig. 3.--Trawl station locations of Marinovich trawl hauls 
for Mi l l e r  Freeman Cruise 84-4. ' 8  

\ 

Fig. 4.--Trawl station locations of Diamond trawl hauls 
for M i l l e r  Freeman Cruise 84-4. 

Fig. 5.-- of age 0 pollock versus relative density for selected 
t r a w l  hauls during Miller Freeman Cruise 84-4. 

Fig. 6.-<PUEb of age 0 pollock versus relative density for selected 
t r a w l  hauls during Miller Freman Cruise 84-4. 

Fig. 7.--Total CPUEb versus relative density for selected trawl hauls 
during M i l l e r  F r e m  Cruise 84-4. 

Fig. 8.--Distribution of relative density estimates determined from 
color sounder measurements during Miller Freman Cruise 84-4. 

Fig. 9.--Distribution of CPUE, for Marinovich t r a w l  hauls made 
during M i l l e r  Freeman Cruise 84-4. 

Fig. 10.-Distribution of gear taperatures obsewed during Mi l l e r  Freeman Cruise 84-4. 



Twine Size 

2.75 

MIDWATER HERRING TRAWL (4 identical panels) 

Meshes - 518" polydacron exrensions 
top and bocrom only 

40 

Framing lines- 
518" polydacron 

Flotation- 
8" dia. 28 piees 
(lper foot) .  

A = ccnfiguration 1 
A i 9  = configuration 2 
A i C  = configuration 3 

Weight- 
80 Ibs. per wing tip 
1%" anchor chain 

46 

1 

- f o b  

- 

B 
:'s " knotless 
nylon net 

A '' kno tless 
nylon net 
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'1s" knotless 
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